EXECUTIVE SUMMARY

“The challenges of the Space
Exploration Initiative are great,
but s is the quality of American
talent and inggenuity, and so s the
leadership of the American peo-
phe, And . . . it is America’s des-
by to lead.”™

Presidemt George Bush

AP{IHH 11 firsk [_1|a|.'HJ AT
on the: Moon on July 20, 1969,
This extraordinary accom-
plishment confirmed the United
States” technological ascendancy for a
generation. On the 20th anniversary
of Apollo 11, President George Bush
anmounesd a new visaonn for Ameerca
in the 21st cenbury — a wision Lhal
will returm ws to the Moon to stay,
and onward to Mars by 2019, This
wision, the 5].h.1|.'\te l'.xplur.:l"i1,|11 Irun-
tiative, represents one of the greatest
technological challenges the world
has ever kmonan.

Vision for America

Thi= 511:4.1' |".'-:]_1-1|_|m|:i|:_1n Imphative [
vides o focus that allows the Urnrted
States o pain control of our destiny in
space. In doing this, six “visions”
guide and direct our space efforts,
T ares

Knotwledge of our Universe, We
strive to understand the origin and
histary of our Solar System, thie origin
of life, and the ultimabe fate of our
universe, P'eople are the best explor-
ers, but they often need machines to
hedp, The Spice Explomibins nibirtioe
an infegrated program of missions by
Ferewans and robols To explore, to under-
stard amd fo gam knooledee of the wmi
e and oair plice i it

Advawcemenl in Science and
Engineering, Returming to the Moon
and omward to Mars requires the best
engineering and scientific talent our
nation can muster. Throush a long
Tange commibment o space, wo stime
ulate our nabonal education system
and inspire students to fearn.
Motivated students are essential to
excellence in education. The Space
Exploration Initialie will motioale and
fersprine fhe mewr gemerationns ovr wotich our
fecbure s a wafion depevds,

United States Leadership. The
Space Exploration Inftiative provides
us with an opportunity to re-cstablish

and maintain American presminence
i 1EL“|I.|:'|.|:‘:I'||.‘:IE|.-L3.'| mmirratiom and s
leadership. Other nations have
gained the initiative in certain areas
and have become leaders in a tradi-
B of Space Hth::lr..'lhl;rn thalt Amierica
I.'lil.lI'II!H‘I'i_'IJ. ].l:dn:l'u:r':-nlll:l:.r Ca gl E-u_'
dechared . . 1 st be pered

Technologies for Earth. America's
recent history has demonstrated
that oiie SpaceE progrim stirmmalates p
wide range of technological innowva-
tions that find abundant application
in the consumer marketplace.
Space technology has revolutions
teed and improved our daily lives
in countless ways, and it will con-
timwe o Ao S0 Fn:'rgg.-' Frivm space,
advances in solar power and fusion
fuels, wseful materials for advanced
COMMUDBICAtioNSs, new Tesources,
medical breakthroughs, and greater
insight into the human potential are
some of the direct benefits we can
expect. The Space Explomstion Deitiatioe
provides focused goals fo effect prschionl
arud bereficel Fechinological camnge.

Commercializalion of Space.
Inibiabives by the private seclor are
poals of our Mational Space Policy.
Space is a limithess, untapped source
of materials and energy, awaiting
industrial development for the benefit
of humanity., Commercial products,
stich @5 zevo gravity devived materials,
i service industries, ke adoenced glob-
al covmneriications, all Decome tncrees-
imghy fensible amd profitahle once routine,
reliable and afforaabic access fo space is
mrnilinbe

Strengthened U5, Economy. New
technologics open new markels. An
investment in the high technology
needed for space uxﬁmatinn main-
tains and improves Ametica's share
of the global market and enhances
our competitiveness and balance of
trade. It also directly stimulates the
scientific and technical employment
bases in our country, sectors whose
health is vital to our nation’s econom-



ic security. The Space Exploralion
foe 15 i drestment i e feture of
AmeTici.

Why the Moon?

Earth's closest nn:'ii;hhu:-'r ini Space, thae
Moom, is surprisingly complex, It is
an obgect for detailled exploration, a
platform from which to observe and
study the universe, a place to live and
work in the environment of space,
and a natural source of materials and
rnergy for an emetging space-based
ECONOIMY

The Moon offers a record of four
billion wears of planetary history. [ts
viokent birth amd history of bombard-
ment from space is dosely related to
evients on the early Earth. The Moon
provides a natural laboratory tor
detailed study of geology and plane-
lsl'_g. formatson, the I.:I|J1_|.'l'_||. O (Lr S
over its lifetime, and the elements of
our universe, The Moon's 14 Earth-
day might, crystal clear, airless sky
and stable ground provide a supe rh
Platform for astronomy.

The Moon is the nearest object in
"'\-I.ld.l.':' 'l-'l.lll.'lt' I.H."ill.'ll:' LIl !-'« E! IJIII\JI.‘I
conditions similar to those we will
face on other planets. Thus, the Moon
is a matural test bed to prepare for
mi=sions o Mars ‘.|||::l|.'.!.;]1 sirmulation,
systems testing, operations and
studving human capabilities.

The Moon is a rch source of mate-
rials and energy for use in space.
Abundant me |.'|I-=~ ceramics amd
recoverable amounts of hydrogen,
carbon and XVEEN Call Provide Poo-
]Hllanh and himan life -q:n*'-rurr o
the hmar surface. The 14 Earih-davs
of a lunar daytime provide abundant
solar ereTgy. Lur Moon I."'I-ill.IJt""\- a
rich scientific and economic waysta-
tion for human expansion into the
Solar System.

Why Mars?

Cf all the planets in our Selar Syvstem,
Mars is the most like Farth. With a
thin atmosphers, weather, seasons

Lramy

Eardly ¢

Ll




and a 25-hour day, Mars has a
diverse and complex surface, mclud-
ing ice and evidence of water,
Although conditions on Mars cannot
support life now, a varety of cvi-
dence sugpests that Mars was

warmer, wetter and had a much
denser atmosphere eatly s hastory,
Life may have existed. If so, fossil
evidenoe may be found,

Mars has undergone a complicated
geolosie evolubion, Iks surface con-
sists of gigantic canyons, huge volca-
noes, gorges carved by running
wber, vast regions of sand dunes and
a polar ice cap. Understanding the
periodic « = in climate that have
ocvurred om Mars will help us under-
stand the Earth's climate and proedict
its future behavior, a topic vital to the
survival of life on Earth,

Architectural Considerations

At its closest poine, Mars is 35 million
miles from Earth, This distance
increases bo 230 mullion miles when
we ane on opposite sides of the Sun.
By comparison, the Moon is only a
Lqmmer-nﬁﬂjm miles away — a three-
day journey. The challenges of a
Mars expedition stem from the dis-
tances, the long times away from
Earth, the environment of d 5
and Mars’ unique durm.turjf;i. i
A total Mars mission duration
depends on both the round trip
travel time and the time spent on
the planet’s surface. Conventional
chemical propulsion missions will
lake about 23 days one way, and
require long surface stays of about
500 days to allow the planets to
rcalign before returning home,
Advanced nuclear propulsion tech-
nologies can shorten the transit
time, provide flexible surface stay
times, significantly reduce the pro-
pellant mass to low Earth orbit and
increase the available launch oppor-
Shorter travel times are desirable
to reduce the impact of the deep
space environment on the orew and

mssion cquipmment, Dhanng the space
vovage, expected hazards include
radiation from galactic cosmic radia-
tiom and solar flares, the lack of nor-
mal graviby, psvchological stress from
long term isolation, and equipment
degradation,

The challenges of & Mars trip will
require several hundred tons of
equipment and fuel for the expedi-
tion, Thus, we will require a heavy
lift launch capability to minimize
assembly in Earth orbit. Nuclear pro-
pulsion technology allows reduced
weight, approximately one-half that
of chemical systems, and achieves
faster mterp-lam:tarv trip times. At
Mars, we need Earth-independent
operations, since round inp conumu-
nications times will vary from seven
tir 40 minutes, We also need im-
proved long term life support sys-
tems that operate lor lengihy time
pericds without resupply.

The: planctary surtace of Mars pro-
vides challenges different from those
of the Moon. The planet is large —
absout ome-third the siee of Earth, [t
has a diverse topography, with
BO000 food volcanos, three Limes as
high as Mount Everest and as large as
tha: state of Montana, and canyons as
long as our continent is wide, Mars”
&Lu'u:ﬁphere is mostly carbon diosdde,
and it is known to have periodic dust
storms. These features will require
LInue ver svstems, landers, rover
'-.'ehidaﬂd human habitats.

Architectures

The foundation of the architectures
reflects throe arcas of emphasis:
human presence, exploration and sci-
ence, and space resource develop-
ment for the benefit of Earth.
[Yfferent architechures vary with the
degree of human presem:e the level
to which exploration and science are
pursued, the extent to which space
resources are developed, as well as
the relative emphasis between lunar
and Martian activity.



Four archilectures have been wden-
tified and they provide significant dif-
ferences across the plw-.'il'lh_- areas of
Imferrest. T]'H_'_l.-'nm:

Mars Exploration: The emphasis of
this architecture is on Mars explo-
ration and scence. The frst human
mission 10 the Moon occurs in 2005
The lunar infrastructure i developed
omly to the degree necessary to best
and gain expenience with Mars sys
bems and operations and o simulate
Mars sta v times, The Moon is
explored while developing opera-
Honal concepts for Mars,

Robotic precursor missions are
used fosoout thie termitory before come
mitting to a landing site for Mars.
The first human mission to Mars
cocurs in 2004, with a surface stay of
30 to 100 days, The next mission is
!ﬁlluutﬂ for 2016 for a 600 day stay.

i% architecture is designed to be a
minimal approach to achieving the
Initiakive cljectives,

Setence Pmphasis for the Moon amid
Mars; The Moon and Mars are
emphasized equally, and an early
ghobal assessment of both bodics per-
mits a variety of initial missions
designed to better understand global
diversity. Thi first human mission to
the Moon is 2003, Life sciences data
required for Martian missions are gen-
erated through extensive operations
on the Moon., Human-controlled
rohotics assist the planning and execu-
ton of human activity on the surface.
[nstrument emplacement focuses on
varly deployment of portable instru-
ments which gather observation data
independent of lunar location. In the
latter stages of architecture implemen-
tation, emphasis shifts to larger scden-
tific experiments and instruments
after developing surface capabilities
for comstruction, maintenance and
opcrations. Continuous exploration
activities yield a significant scientific
return though the use of a balanced
mix of human and robotic exploration

techniques.

Stbsequent to the establishment of
the desired long term operational
capabilitics for exploration and sci-
ence on the Moon, human missions bo
Mars take place inning in 2074.
All Imnwh'ﬂgc' gﬁﬂ hﬁhc‘ activi-
ties in humar orbit, and on the surface
becomes part of and is complemen-
tary to the dress rehearsal for the
Mars mission.

The Moon te Stay and Mars
Exploration: This architecture
cmphasizes permanent human pres-
ence on the Moon, combined with the
exploration of Mars. One of the major
objectives is o build towards life sup-
port self-sufficiency for breathimg
gases and food production on the
felonom.

The permanent presence of
humans on the Moon, beginning in
MM, gives us an impressive scientific
capahbility. Scence on the Moon will
emphasize exploration and observa-
tien. For lunar exploration, extended
traverses in pressurized rovers will
permit detailed study of complex and
puzzling lunar features and process-
es. Bobotic assistants will extend
humamn reach for great distances
across the lunar surface. With a per-
manent human presence on the
Maoon, advanced and sophisticated
astronomical observatories can be
installed amd maintaimed.

Extensive space and lunar surface
operations are conducted on the
Moon bo provide the necessary life
sciences and enginesring data bo pre-
pare for future exploration missions
to hlars. The first human mission to
Mars is in 2014, with a surface stay of
30 o 100} days.

Space Resonrce Utilization: This
architeciure makes maximum use of
available space resources to support
the exploration missions directly. Tt
also seeks o develop a large class of
available resources for a broader
range of transportation, habitation,
life sciences, energy production, con-
struction and many other long term

Architectures

I. Mars Exploration

. Science Emphasis for the
Moon and Mars

il. The Moon to and
Ilnﬁmhm

. Space Resounce




B M Moom

activities. In preparation for the frst
human return mission, a robolic
experimental resource producing
plant is landed on the Moon in 2003
The first human mission bo the Moon
takes place in 2004 and to Mars in
2006, On Mars, the basic exploration
would be done on the first two mis-
sions with the addition of more
resource development, which cowkd
be expanded on missions bevond ihe
first two. In the long term, this archi-
tecture may benefit Earth by prowid-
ing Helium-3 to fuel Earth-based
fusion reactors and beaming solar-
|'-'r|n]l.:||.1.~\.| el s |::|-.'|T_l,' by Earth.

Transportation

Adter -_ulud}- ol ther vargms I|.'||:'np.|rl.1-
tion options, it was concluded that
chemical propulsion from loar Earth
ok, as vesserd 1 bhes .*;p:l“u PringraTm,
i edill e pn._'ll_'rn_'q._l way 1o gel bo e
Moon, However, signdficantly heas
ier hift capability will be required to
support any of the architechures, For
the Mars transit from Earth arbil, the
nuclear thermal rocket 15 the pres-
forrod '|'\-'r|,r!'||.:||-_~.|1.'{'- sysbom b allewar sz
nificanthy reducs] mass to low Earth
orit, shorber transit Himes and greater
operational flexibility

Supporting Technologies

lechnology will prowide the tools
miccessary lor sabe and cost ethechive
exploration of the Moon and Mars,
II":'I'I I'II"III"IE:I.' ||.|".'|'||:1rl1'|'||'r|1‘ 4 I'I'II'I'I'Ir-I"Iﬂ
i the :I'r_'-||||1.1.'1ni; AT

1) Heswwy lift launch with a min
i capability of 150 met-
e boms wikth diesignesd
growth b 250 mwdnic lons

21 Muclear thermal propalsion

3 Muclear electric surface
ponwer o megawintt kevels

F

4] Extravehicular achivity suat

3 Cryogenic transfer and long
EErm :-\.1L1r.|;.-:\-:'

Al Automatied rendessvons and
diocking of large masses

£l .I"r.t":l'll Mrav by counbermmesa-
SIS

Rl Radwbon effects and shieldimg
9 Telerobolics

W Clesesd |n-.1|.1 life: suppert sys-
Lms

11} Hurman factors for longg dhara-
HOn space missions

Lightweight strusctural mate-
rials and Fabrcation

130 Nischear electric propulsion
fowr foallomw—tm came mnssaoms

140 Iev sl resouroe cvaluation
and PrOCeRaing:,

A hirst 5_:I.!|||._|._-_ e |11'|p||._'|||-._-1:|I1|I||_'-|1 i
thee architectural approaches outlined
appears daunting. It s indesd com-
p]-q_'-'-; Hut 1t 1= I'I|'\lll"l.|.'l'\lT|‘|1:|.' that
America’s ._||,:-i|||__'.' I Fedurn o hae
Wl and B |:1v|'-;.:i11 thir |,'~.'|'r'.||r;|1'i|'-n i
Mars depends on two fundamental
bechmologies

10 Restoration of a sy Hift

I.'|1:I._n.'|'l i ilrl-l]'ll I!I"-.

3 Redevelopmwnt of 4 nuclear
propulsion capability

This mation had both of these capabili
ties i the early 1970=, In addition to
these two aress, the 12 other tech-
nologies identified, if successiully
developed, offer the potential for
vastly enhancing the exploration of
thiee Mo and Mars.



Organization and Acquisition
Management

The Space Exploration Initiative rep-
resents a major management chal-

as well as a ificant techno-
logical challenge to this country, The
capability cxists im this nation to
accomplish the Space Exploration
Initiative within the combined re-
souroes of the government, industry
and the academic commumnity, 1k
requires m that allows for
crisp and timely decision making,
plus the assured Tosources to reach its

An Executive Order should be
issued o cite the basic charter of the
Mational Program Office for the Space
Exploration Initiative Organizalion.
It should define the leadership role of
MASA and the cooperative relation-
ships among various governmental
departments and agencies. The
Executive Order should clearly enu-
merale the staffing, budgeting and
reporting relationships and responsi-
bilities of the affected agencies.

The Synthesis Group reviewed
numerous suceessful and unsuccess-
ful mapor aercspace, industry and
government programs, and studied
various acquisition improvements
and key fackors that helped reduce the
cost of the most successful aerospace
PTOETATS.

In managing the Space Exploration
Initiative, MNASA should be autho-
rized to tailor the existing prooure-
ment svstem and devise now proce-
dures o fit the needs of this major
MW PIORram.

The opportunity for a number of
international cooperative venkures
exisls.

Commercial potential abounds
within the framework of the Initiative,
Launch services, communications
rials in space for use in space and on
the Earth, and electronics techmologry
represent a few of these polential areas.

Recommendations

Specific recommendations are provid-
for the: effective mplementaton of
thee Spasce Exploratson Inibiative,

RECOMBMENDATION 1

Establish within NASA a long
range strafegic plan for the nafion’s
crigl space program, with e Space
Explorabion Initialive as ils conler-
priece.

. the ewel represented by the
vision of a seemingly unaktamable
goal, the technologies engendered,
and the motivation provided o
our nation’s scientists and engi-
neers, its laboratories and indus-
triess, its students and its citizens,
Hence that the Mission from
Planet Earth be established with
the long term goal of human
cxplomtion of Mars, underpinned
by an effort to produce significant
advances in space transportation
and space life sciences.”!

A EI.IEtE"E,I.C]E will provide decision
]:lulnt- o albow flexibility during the
fir of the program, concentrabe man-
agement activities of diverse depart-
ments, provide budget guideclines and
identify technology ]:E'Ith'll'i'H‘rS-. The
plan must be 1""-."“1.-:5' om a detailed gow-
emmental (NASA, the Department of
Defense, the riment of Energy)
amalysis of the Synthesis Group's four
architectures. This analysis should
result in further refinement o gon
sufficient detail to support relative
coting of the architectures, Existing
and planned programs should be
reviewed for their contnbubions to
this plan. Industry effort should be
limited to studying elements of the
architectures. As the strategic plan’s
centerpiece, the Space Exploration
Imitiative complements the goals of

Mlission to Planet Earth.2



EXECUTIVE SUNMARY

"We propose . . . o accelerate
the development of the MOV A
nuclear rocket. This gives promise
off sodne dﬂ_'p F’l'l;"l\"lll:lllnE A mdsans
for even more exciting and ambi-
tious exploration of space, per-
haps beyond the Moon, perhaps
1o the wery end of the solar systemn
itself.”

Johurt Fitzgerald Kenmedy

Rrocobmiespanion 2

Establish a Natipnal Program
Office by Executive Ohrder,

This arganization would molude
Department of Defense amd Depart-
ment of Encrgy personnel working
diT"I."'l'”:lr' fior the Mational T'FIFHTII.H'I
Office. With the n1I|:|]I:|.-iv|.1__'|4_-'ru_'_|.r nabure
of the National Program Office, an
Excrutive Order should be issoed to
cite the basic charter of the organiza-
tion, the leadership role of NASA,
and the cooperative relationship
:nmruig Virmas ig_;n\':'rrlrm_*nl,:il n;‘|¢11.111-
ments and agencies. The Execulive
COrder should clearly enumerate
staffing, budgeting and reporting
relationships and responsibilitics of
the affected agenaes

RECOMMENDATION 3

Appoint NASAs Assoctalte Admin-
strator for Cxploration as the
Program Director for the National
Program Office.

This is resprined to ensure clean lines
of management authority over a
large, complex program while simul-
taneously providing a focus for
NASA's supporting program ele-
mieniss

RECOMMENDATION 4

Establish & nete, ageressioe acquisi-
tion strategy for the Space Ex-
ploration Intbatioe,

The Space Exploration Initiative
should standardize acquisition rules
for the agencies executing the
Initiative's various projects. The most
streamlined processes available
should be adepted for that standard.
The Space Exploration Initiative is so
great in scope that it cannot be execult-
ed in A “business as usual” manner
and have any chance for suocess. The

Space Exploration Inibative Matwonal
Program Director should be designat-
e as the Head of the Contracting
Activity, This weill alloaw the diresctor
to establish the optimum scpisabon
procedures within the Federal
Acquisition Regulations, Multi-vear
tunding should be provided.

RECOMMEMNDATION 5

Incorporate Space Exploration
Initiative requirements into the
Joint MASA-Department of Defense

Heawvy Lift Prograe.

The Space Exploration Initiative
launch requirement s a minimum
of 150 metric tons of lift, with
designed growth to 250 metric tons,
Uﬁ:iﬂg .-"|.|'l-|'|-"|:"| Saturn V F-1s for
booster engines, coupled with lig-
uid oxygen-hydrogen upper stage
engines (upgraded Saturn J-2s or
space transportatiom main engines),
could result in establishing a heavy
lift launch capability by 1998.2

KECOMMENDATION G

Initiate a nuclear thermal rocket
tectmodogy developmmind program,

The Synthesis Group has deter-
mined the only prodent propulsion
system for Mars transit is the nucle-
ar thermal rocket, Sufficient testing
and care must be taken to mect
qﬂ'l:l."t_\l' ﬂl'll'.] I']'I"a-']:l'ﬂ'll'lmﬂ']'llﬂl I_'I:'I.'I.Ll..lTE-
minils,

RECOMMENDATION 7

Initiate a space wiclear powser tech-
nology developmmd program based
oit He Space Explorabion Intttative
reqeireTs,

The program must concentrate cn
sife, reliable systems to a megawatt
or greater level, These mockear power



svatems will be required for use on
the Moon before use on the Mars mis-
SO,

RECOMMENDATION §

Conduct focused life sciences experi-

mernts,

Implement a definitive life sciences
program, along with the necessary
cxperiments and equipment, on
Space Station Freedom, consistent
with the recommendation of the
Advisory Committes on the Fulure of
the US. Space Program. These ex-
periments are needed bo reduce the
uncertainbies of long duration space
missions.?

BECOMMENDATION 9

Estairlish education as a priscipal
theme of the Space Exploration
Inifiative,

The Initiative will rejure s,
engineers and technicians for s eoe
cution. It &5 a source of interest and
expectation to those considening sa-
ence and engineering careers. The
Space Exploration Initiative can con-
tribwte directly to undergraduate and
graduate education in engineering
and scienoe by re-invigorating a uni-
versity research program in support
of the E:I-:]'.'r]l:‘:lral'.il::ln Trbafive as was
dome r_ilJri'nH the ."'l.],!u;,!lllu PrOEram af
the 19605 and carly 1970s,

BECOMMENDATION 10

Continue and expand the Outreach
Frogram.

The Cutreach Program has served a
very useful purpose in the Syntheses
Crpup's deliberations, The ideas
from the Outreach Program will be
turmed over o W ASA with the recom-
mendation that they review them

periodically. The Cutreach Program
generated not only ideas but also
greater interest in the Space Ex-
ploration Initiative. Both features
should be emphasized. The database
should be refreshed with further oui-
reach solicitations, perhaps every bwo
vears, and with increasing focus to
specific program goals. The Space
Exploration Iniliative touches vistial-
Iy every scientific field and engineer-
ing, discipline, The Outreach Program
should be extended to include all
other entities that are affected by the
program in addition o the acrospace
industry. An informed public is vital
ko the Space Exploration Inibhative,
which will requine & sustained com-
mitmicnt of the nalion's reseinoes.,

Why Now?

America stands at the threshodd, Our
rational space priggram 15 undergmng
infense scrutiny. Many ask queshons
similar to these voicoed during the
heviday of Apollo — What is the point
ol 13:'31‘.- S verntures? How can we
atford the great expenditures? What
is the funchion of & human presence in
Space?

By offering direction and purpose,
the Space Exploration Initiative will
repuvenate our sense of challenge, of
competibiveness, and of national
pride. The Space Exploration Initia-
tive 1= a positive, social endeavor, Ina
wiorld of uncertainty, it has the capac-
ity to inspire people, to shmulate
them and to cause them to reach deep
inside o find the very best they have
o ouffeer,

Technology development amd
architecture analysis must precede
any final concept validation effort.
The IntHabive can be started fow with
a mpcdest commibment of fumds,

Gl mations have always explonod
and profited from new fromtiers and
termtories. Space i the new fronbier of
the industrialized world in the 21st
century, Benefits from space and the
technologies needed o pumey there
become mcreasingly important o the

et ContUTY. As AMCTicans, wie mies!
ask ourselves what our role will be in
himan E:-:P]l.‘:ll‘dl:il::ln of Ehwe Soalar 5_1.'3-

tenn: by Jead, lollow o step aside?

1 The Advisory Committes on the Future of the
L5, Spwde Priseram

T These recommendations ane consistert with
and svpard upon thoee made by the Advisory
Committer om the Future of the L5 Space

Prosgram.



